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1) How well do models driven by MERRA-2 meteorology simulate historical 03 (1980- . GMI CTM transports too much 03 to the
2016), particularly from the UT/LS to the mid-stratosphere? midlatitude LS, particularly during QBO 30 o E R R DS

2) Are there major differences in how Replay and CTM simulate 03? Do potential westerlies Year

Fig. 4 (Top two panels): 12-month zonal means of differences between modeled and SBUV
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differences in model '"CII'ISPOT"' lead to different mOdeI/ObservutIOHUI ugreemeni. . Compurlsons with OMI and MLS 03 show MOD total 03 columns. Panel (a) shows GMI CTM, and panel (b) shows M2 GMI Replay.
similar model biases associated with the (Middle): 12-month zonal mean differences in the GMI CTM and M2 GMI Replay ST80_25

. . stratospheric tracer at the 139 hPa model level. (Bottom): The u30 QBO Index colored by
] 9 9 8 As Si m i I u 'I'i o n c h u n e s ATOVS QBO (Flg. ,5' bGIOW). ,MOdeIed ifOpI((lI . positive (red; westerly phase) and negative (blue; easterly phase) values. Dotted lines on the
g und mIdIUTItUde 03 bIUSGS hUVB OPPOSHG Figure indicate the alignment of peak westerly phase values with maximum differences in
phﬂSGS ST80_25 tracers and GMI CTM total O3 biases.
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TOTGI 03, Worsening ’rhe '_ -;-ﬂ Fig. 5 (Top): 12-month running mean differences between model and sonde, and model and OMI total 03 columns. (Middle): 12-month running mean differences be-

i del d 0 | | | - tween GMI CTM and M2 GMI Replay, and MLS O3, (Bottom): The u30 QBO Index colored by positive (red; westerly phase) and negative (blue; easterly phase) values.
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Fig. 2: Median percent O3 differences with altitude for M2 GMI Replay (top) GMI CTM (bottom) by year
from 1980 to 2016 (colors). A black circle highlights the step change in GMI CTM lower stratosphere 0.

Comparison is composited from 19 midlatitude ozonesonde sites. S U m m u rY/ F U 1. U re A p p ro u c h e s
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. Examination of the MERRA-2 meteorological assimilation v wind Increment Analysis Units (IAU) in . The incorporation of ATOVS data into MERRA-2 in 1998 causes a large step change in modeled LS 0.
the UT/LS quantifies a model step change in 1993 (Fig. 3, below) This is most prevalent in the GMI CTM, which transports too much 03 to the midlatitudes

. The 1AU change after 1998 indicates that the new ATQVS observations are impacting the MERRA-2
assimilated wind fields, especially in the tropical upper troposphere . Model total O3 hiases are smallest in the tropics and largest in the midlatitudes during the QB0

westerly phase. This indicates that model transport from the tropics to the midlatitudes is too
vigorous during QBO westerlies

. Prior to ATOVS, high vertical resolution observations in the tropical UT/LS were sparse. More
observations became available to influence the MERRA-2 assimilation, which tends to diverge from

the MERRA-2 analysis state in larger amounts after 1998 (larger [AU
! ; {org ) . We need to investigate potential ATOVS-related changes to model stratospheric circulation, and why

M2 GMI Replay appears to be less affected by the assimilation change than GMI (TM
MERRA-2 12 Month Zonal Mean v Wind IAU at 200 hPa (~12-13 km)
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